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Description

[0001] The presentinvention relates to secondary sur-
veillance radar (SSR) for surveying a target such as an
airplane equipped with a mode S transponder and an air
traffic control radar beacon system (ATCRBS) trans-
ponder.

[0002] An SSR mode S is aradar system to capture a
variety of items of information owned by an airplane by
transmitting an interrogation from a beam antenna of a
device to a transponder mounted on a target such as an
airplane and receiving a response (cf., for example, doc-
uments "ISBN0-89006-292-7", "Revision Radar Tech-
nique", issued by Institute of electronics, Information and
Communication Engineers, 1996, P.227-233"). There
are two kinds of transponders, which are conventionally
used ATCRBS transponder and mode S transponder,
andthere are a variety of interrogation systems to capture
these two kinds of transponders.

[0003] Inthe SSRmode, the SSRdivides abeam dwell
time into two or more, further divides one of them (re-
ferred to as one scheduling period) into an all-call period
(period to capture amode S transponderandan ATCRBS
transponder) and a roll-call period (period to transmit se-
lective interrogation to mode S transponder) to capture
a target. In a surveillance protocol, the length of a re-
sponse is 64 (ws) and the length of an interrogation is
19.75 (us).

[0004] And the SSR mode S has a data-link protocol,
in this case, the length of replay becomes 120 (p.s) and
the length of interrogation becomes 33.75 (ws), so that
it takes about double of time compared to surveillance.
If the data-link protocol is frequently used in the future,
there will be a method for simply lengthening the time
length of the roll-call period; however, deterioration in
detection rate of a conventional ATCRBS transponder
will be caused (because of reduction in the number of
responses). Therefore, it becomes important how to ef-
ficiently capture the target in the beam dwell time so as
to capture the mode S transponder while maintaining the
detection rate of the ATCRBS transponder.

[0005] Conventionally, in the roll-call period, the SSR
calculates prediction positions from previous track infor-
mation of individual airplanes with the mode S transpond-
ers mounted thereon and varies a range of an azimuth
angle for transmitting an interrogation in accordance with
the prediction range among the prediction positions.
However, in the case of the short range target, since the
range of the azimuth angle for transmitting the interroga-
tion is expanded, the SSR schedules transactions (trans-
mission and reception of interrogation and response) up
to the azimuth having a small possibility of receiving the
response. And there is a possibility of an occurrence of
the problem that the SSR cannot schedule the transac-
tions for the target in a relatively short range within a
beam-width of an antenna (in generally, indicating an an-
gle range of beam center azimuth + 1.25 °), because the
SSR schedules transactions prior to a long distance tar-
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getin the case of congestion of targets at long distances
within the corresponding beam.

[0006] Furthermore, in the case of use of the data-link
protocol, since the length of the interrogation and the
length of response become longer that those for surveil-
lance, the time required for the transactions is lengthened
and the possibility of an occurrence of an event which
cannot be scheduled by the SSR is further increased.
[0007] An object of the present invention is to provide
a secondary surveillance radar and its interrogation
transmission method capable of securing the time for
transmitting other interrogations by reducing interroga-
tions toward an azimuth having a small possibility of re-
ceiving of responses.

[0008] According to afirst aspect of the present inven-
tion, there is provided a secondary surveillance radar,
comprising: transmitting means for repeatedly transmit-
ting interrogation signals from a beam antenna; receiving
means for receiving response signals for the interroga-
tion signals; and management processing means for di-
viding an interrogation repetition cycle into two, which
are an all-call period to perform transactions for a trans-
ponder of an air traffic control radar beacon system (AT-
CRBS) and a mode S and a roll-call period to perform
selective transactions for a mode S transponder and var-
ying azimuth angle ranges for transmitting interrogations
in accordance with prediction position ranges of targets
in the roll-call period, wherein the management process-
ing means compares a beam-width of the antenna with
the prediction position ranges, continues selective inter-
rogations at every roll-call period if the prediction position
rages are narrower than the beam-width, and thins out
the selective interrogations at every roll-call period with
prescribed intervals if the prediction angle ranges are
wider than the beam-width.

[0009] According to a second aspect of the present
invention, there is provided an interrogation transmission
method of a secondary surveillance radar for dividing an
interrogation repetition cycle into two, which are an
all-call period to perform transactions for a transponder
of an air traffic control radar beacon system (ATCRBS)
and a mode S and a roll-call period to perform selective
transactions for a transponder of the mode S and having
a function to vary angle ranges for transmitting the inter-
rogations in accordance with the prediction angle ranges
of targets in the roll-call period, comprising: a first step
of comparing a beam-width of an antenna with the pre-
diction angle ranges; a second step of continuing selec-
tive interrogations at every roll-call period if the prediction
angle ranges are narrower than the beam-width in the
comparison in the first step; and a third step of thinning
out transmissions of selective interrogations at every
roll-call period with prescribed intervals if the prediction
angle ranges are wider than the beam-width in the com-
parison in the first step.

[0010] This summary of the invention does not neces-
sarily describe all necessary features so that the inven-
tion may also be a sub-combination of these described
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features.

[0011] The invention can be more fully understood
from the following detailed description when takenin con-
junction with the accompanying drawings, in which:

FIG. 1 is an operation timing view for explaining a
brief of an SSR mode S to which the present inven-
tion is adopted;

FIG. 2is an operation timing view for explaining prob-
lems of an interrogation transmission system in the
SSR mode S to which the presentinvention is adopt-
ed;

FIG. 3A and FIG. 3B are schematic diagrams for
showing aspects of control of azimuth angle ranges
for prediction-transmitting interrogations in interro-
gation transmission systems in a present state, re-
spectively;

FIG. 4 is a schematic diagram for explaining an ex-
ample of occurrence in which originally required
transactions cannot be scheduled in the SSR mode
in a present state;

FIG. 5is a block diagram showing a schematic con-
figuration of an SSR regarding an embodiment of
the present invention;

FIG. 6 is a block diagram showing a concrete con-
figuration of a ground-side device G shownin FIG. 5;
FIG. 7 is a flow chart for explaining processing pro-
cedures of an interrogation transmission system of
the SSR mode S being a feature of the present in-
vention;

FIG. 8A and FIG. 8B are schematic diagrams for
explaining the interrogation transmission system of
the SSR mode S being the feature of the present
invention, respectively; and

FIG. 9 is a schematic diagram showing an example
of effect in the case of adoption of the interrogation
transmission system shown in FIG. 7.

[0012] At first, prior to an explanation of an embodi-
ment of the present invention, a brief of an SSR mode S
and problems of a present interrogation transmission
system will be explained specifically.

[0013] FIG. 1is an operation timing view for explaining
a brief of an SSR mode S to which the present invention
is adopted. In the SSR mode S, as shown in FIG. 1, an
SSR divides a beam dwell time into one or more sched-
uling periods by using a trigger signal with a constant
cycle. And, the SSR divides each scheduling period into
two, which are an all-call period (period to capture mode
S transponder and ATCRBS transponder) and a roll-call
period (period to perform selective interrogation and re-
sponse to mode S transponder) to transmit an all-call
interrogation signal in accordance with a trigger signal in
each scheduling period. Thereby, the SSR captures the
target within an antenna beam. Here, in FIG. 1, "n" indi-
cates the number of targets. When the SSR cannot cap-
ture a response, it performs re-interrogation to the same
target, so thatthe number of total interrogations becomes
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n" or more.
[0014] Inthe mode S, the SSR transmits selective in-
terrogates to each airplane, during the roll-call period and
receives responses to capture airplanes. In the case of
use of a surveillance protocol, for transactions of
[UF=DF=4 (altitude), UF=DF=5 (identify)], a response
length and an interrogation length are 64 (ws) and 19.75
(ns), respectively. Since the response length becomes
120 (ps) and the interrogation length becomes 33.75 (p.s)
when the data-link functional protocol (Comm A, B, C,
D) is used, the functional protocol occupies an almost
double or more time. This aspect is shown in FIG. 2.
[0015] Iftargets (T1-Tn) are concentrated as shown in
FIG. 2, itis required to transmit a plurality of interrogations
during the beam dwell time and receive their responses,
so that if the data-link protocol are used, it will occupy a
time longer than that of in the case of use of only the
surveillance protocol. There is a method for simply
lengthening the time of the roll-call period; however, de-
terioration in the detection rate of a conventional AT-
CRBS transponder will be caused (because of reduction
in the number of responses). Therefore, it becomes im-
portant how to efficiently capture the mode S transponder
within the beam dwell time while maintaining the detec-
tion rate of the ATCRBS transponder.

[0016] The SSR varies an angle range for transmitting
interrogations in accordance with the prediction range,
in the roll-call period. Aspects of control of interrogation
transmission ranges in the conventional interrogation
signal transmission system are shown in FIGS. 3A, 3B.
In an algorithm in the conventional transmission system,
the SSR transmits the interrogation signals at every
roll-call period until responses can be received from the
targets within the prediction azimuth angle ranges. In this
case, the azimuth angle ranges to transmit the interro-
gations become narrow and wide for the targets at long
and short ranges, respectively.

[0017] Otherwise stated, if the targetisin along range,
angle components are so small in variation as shown in
FIG. 3A that the SSR controls the azimuth angle ranges
for transmitting the interrogations to be narrow, and if the
targetis in a short range, since the prediction angle com-
ponents are so large in variation as shown in FIG. 3B
that the SSR controls the transmission range to be wide.
And, for the same targets, the SSR narrows the azimuth
angle ranges for transmitting the interrogations, if the
capturing by the roll-call is continuous at every scanning.
[0018] In the SSR mode S, since the azimuth angle
ranges for transmitting the interrogations is widen if the
targets are located in a short range or if there is much
coast, the occupancy time of an RF channel is lengthen,
the transactions cannot be added into a schedule for the
necessary targets in some cases. As an example, atarget
arrangement shown in FIG. 4, the ranges of the targets
get narrow on order of each target T1, T2, T3, Ta, Tb,
Tc, T4, T5, T6 and T7, and the cases that three transac-
tions are available in one roll-call period and that the
transmission angle ranges of interrogations for each tar-
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get are wider than the beam-width are assumed. And the
priority of transmission of the interrogations is firstly set
such that the azimuth angle ranges for transmitting the
interrogations are located within the beam-width of the
antenna and secondly set such that the targets are lo-
cated at long range.

[0019] In this case, at an azimuth of a beam center of
the antenna (hereinafter, referred to as antenna azimuth)
1 when the transactions are scheduled, the SSR sched-
ules transactions for the targets T1, T2 and T3. In this
case, since the beam width of the antenna is within an
angle range by which the SSR can receive responses
from T1, T2 and T3, the SSR can capture the targets T,
T2 and T3. At an antenna azimuth 2, the SSR schedules
transactions for targets Ta, Tb and Tc, in this case, since
the beam-width of the antenna is out of the angle range
by which the SSR can receive responses from Ta, Tb
and Tc, the SSR cannot capture the targets Ta, Tb and
Tc. At an antenna azimuth 3, the SSR successively
schedules transactions for Ta, Tb and Tc, also in this
case, since beam-width of the antenna is out of the angle
range by which the SSR can receive the responses from
Ta, Tb and Tc, the SSR cannot capture the targets Ta,
Tb and Tc. After this, similarly, from an antenna azimuth
4 to an antenna azimuth n-1, the SSR cannot capture
the targets. At the antenna azimuth n, the SSR schedules
transactions for Ta, Tb and Tc. In this case, since
beam-width of the antenna is within the angle range by
which the SSR can receive the responses from Ta, Tb
and Tc, the SSR can receive (capture) those responses.
At the antenna azimuth n, the SSR schedules transac-
tionsfor TA, T5and T6. In this case, since the beam-width
of the antenna is out of the angle range by which the
responses from T4, T5 and T6 can be received, they
cannot be captured by the SSR. Since the beam-width
of the antenna is already out of the angle range by which
the SSR can receive responses from targets T4, T5, T6
and T7, the SSR cannot receive the responses from the
targets T4, T5, T6 and T7 (become coast).

[0020] In the conventional system, as described
above, the SSR schedules transactions for targets (Ta,
Tb and Tc in FIG. 4), which have a small possibility to
return responses therefrom in some prediction ranges,
so that if the targets are closely spaced, the SSR cannot
schedule the transactions for the targets which are at
short ranges within the beam and are originally required
to be captured, in some cases (T4, T5, T6 and T7 in FIG.
4). In the case of use of data-link protocol, since the time
to be required for a transmission and a reception of an
interrogation signal and a response signal is lengthen,
the occurrence possibility that the SSR cannot schedule
the targets is raised.

[0021] In this invention, therefore, if the azimuth angle
range for transmitting interrogations is narrower than the
beam-width of the antenna, the SSRinterrogates atevery
roll-call period in a conventional manner. In contrary, if
the prediction range is wider than the beam-width of the
antenna, the SSR interrogates at every roll-call period in
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a conventional manner, if the azimuth angle range is wid-
er than the beam-width, the SSR sets a roll-call period
to transmit the interrogations and a roll-call period not to
transmit them in turns, it intends to reduce the transmis-
sion times of the interrogations. However, in the event of
abnormalities of received responses resulted from affec-
tions of interference or the like, or in the event of received
responses indicating the occurrences of downlink (indi-
cating that prediction range already enters beam-width
at this moment), the SSR transmits the interrogations at
every roll-call period from this moment.

[0022] Hereinafter, an embodiment of the present in-
vention will be explained in detail.

[0023] FIG. 5is a block diagram showing a schematic
configuration of an SSR regarding the present invention.
In FIG. 5, T is an airplane-side device (target) mounted
on a target and G is a ground-side device disposed at a
radar site. The device T has a transponder T2 composed
of a transmitter and a signal processor and an antenna
T1, the device G has an antenna G1 and an interrogator
G2 composed of a transmitter and a signal processor.
The device T replies a mode S response or an ATCRBS
response to an interrogation signal transmitted from the
device G, the device G receives its response signal to
analyze the response signal and creates a target report
of an airplane with the device T mounted thereon to out-
putit.

[0024] FIG. 6 is a processing block diagram showing
a concrete configuration of the forgoing device G. At first,
after starting operations, a channel management unit
G21 and a transmission control unit G22 plan a schedule
of transactions possible to be executed in the roll-call
period in accordance with the present antenna position
and the prediction range of the interrogations to generate
interrogation data in accordance with the schedule. This
interrogation data is outputted in accordance with the
schedule result to be power-amplified by a transmitter
G23, then, transmitted toward a prescribed coverage
from an antenna Gl through a circulator G24.

[0025] On the other hand, a response signal received
at the antenna G1 is reception-detected by a receiver
G25through the circulator 24, then, transmitted to a mode
S response processor G26 and an ATCRBS response
processor G27. The processor G26 detects each re-
sponse from the reception signal and captures response
data by sweep unit to transmit it to a management proc-
essor G28 while instructing occurrences of interrogation
data of all-call and roll-call in the mode S to the manage-
ment unit G21.

[0026] Onthe other hand, the response processor G27
detects an ATCRBS response from the response signal
and captures the response data by sweep unit to transmit
it to the management processor G 28.

[0027] The processor 28 manages the mode response
data captured at each processor G26, G27 and the AT-
CRBS response data by sweep unit and generates target
information through each correlation processing to out-
putit as report data at every prescribed period. The target
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information is put together in a track file to notify it as a
creation parameter of interrogation data to the manage-
ment unit G21.

[0028] According to the foregoing configuration, here-
inafter, a flow of an interrogation transmission system in
the mode S will be explained by referring to FIG. 7, FIG.
8A and FIG. 8B.

[0029] At first, as shown in FIG. 7, the management
unit G21 specifies an azimuth angle range for transmit-
ting interrogations on the basis of interrogation timing
instructed from the response processor G26 and the
track file of the management processor G28 (step S1)
and compares it with the beam-width of the antenna (step
S2). At this time, if the azimuth angle range for transmit-
ting the interrogations is narrower than the beam-width ,
the device G transmits the interrogations at every roll-call
period as shown in FIG. 8A (step S3). In contrast, if the
azimuth angle range of the interrogations is wider than
the beam-width, the device G sets periods to transmit
interrogations and not to transmit the interrogations, re-
spectively (step S4). Here, the reception of the foregoing
response is confirmed (step S5), after confirming the re-
ception of the response, the device G transmits the in-
terrogations at every roll-call period (it is similar in the
case of occurrence of receiving error or downlink) (step
S6).

[0030] As the result of adoption of the foregoing inter-
rogation transmission system to the mode S, the effects
are obtained as follows.

[0031] Atanantenna azimuthL1,in FIG. 9, the device
G schedules the transactions for the targets T1, T2 and
T3 to perform response reception (capturing). At an an-
tenna azimuth L2, the device G schedules transactions
for the targets Ta, Tb and Tc; however in this case, since
these targets are located out of antenna beam range in
which the responses thereform can be received, the de-
vice G cannot receive the responses from the targets. At
an antenna azimuth L3, the device G schedules trans-
actions for the targets Tb, Tc and T4. At this time, the
device G cannot receive responses from the Tb and Tc,
but the device G can receive (capture) the response form
the T4. At antenna azimuth L4, the device G schedules
transactions for targets Ta, Tc and T5. At this time, the
device G cannot receive the responses from the targets
Ta and Tc, but the device G can receive (capture) the
response from the target T5. In other words, the device
G can schedule the transmission of interrogations for the
targets T4-T7.

[0032] As the result of change of the interrogation
transmission system as stated above, the device G can
reduce the interrogations for the azimuth from which re-
sponses hardly be replied, so that the device G can utilize
the wasted time for scheduling other transactions. Even
on the assumption of the case in FIG. 9, the device G
has no need to keep scheduling only for the targets Ta,
Tb, Tc (targets which have not entered the beam-width
yet), the device G can schedule even for other targets
T3, T4, etc.(targets which have already entered
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beam-width).

[0033] Accordingly, the SSR with the interrogation
transmission system configured as mentioned above
adopted thereto can easily avoid scheduling targets re-
spectively having small possibilities to make responses
regardless of the prediction ranges in the next scanning
of targets. Thereby, the SSR can reduce transmissions
of interrogations to the azimuth having less possibility of
making responses, so that the SSR can secure the time
to transmit interrogations for other targets.

[0034] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the spe-
cific details and representative embodiments shown and
described herein. Accordingly, various modifications
may be made without departing from the spirit or scope
of the general inventive concept as defined by the ap-
pended claims and their equivalents.

Claims

1. A secondary surveillance radar, characterized by
comprising:

transmitting means (G1, G21, G22, G23, G24)
for repeatedly transmitting interrogation signals
through beams radiated from an antenna;
receiving means (G1, G24, G25) for receiving
response signals for the interrogation signals;
and

management processing means (G26, G27,
G28) for dividing an interrogation repetition cy-
cle into two, which are an all-call period to per-
form transactions for a transponder of an air traf-
fic control radar beacon system (ATCRBS) and
a mode S and a roll-call period to perform se-
lective transactions for a transponder of the
mode S and varying azimuth angle ranges for
transmitting interrogations in accordance with
prediction angle ranges of targets in the roll-call
period, characterized in that

the management processing means (G28) com-
pares a beam-width of the antenna with the pre-
diction angle ranges, continues selective inter-
rogations at every roll-call period if the prediction
angle rages are narrower than the beam-width,
and thins out the selective interrogations at eve-
ry roll-call period with prescribed intervals if the
prediction angle ranges are wider than the
beam-width.

2. The secondary surveillance radar according to claim
1, characterized in that
the management processing means (G28) thins out
the selective interrogations at every roll-call period
in an initial state if the prediction angle ranges are
wider than the beam-width and transmits the inter-
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rogations at every roll-call period after confirming re-
ceptions of responses.

The secondary surveillance radar according to claim
1, characterized in that

the management processing means (G28) employs
a condition, which is firstly a fact that the prediction
position ranges are within the beam-width and sec-
ondly a fact that the targets are at long range, as
priority order to schedule the transactions.

An interrogation transmission method of a second-
ary surveillance radar for dividing an interrogation
repetition cycle into two, which are an all-call period
to perform transactions for a transponder of an air
traffic control radar beacon system (ATCRBS) and
of amode S and aroll-call period to perform selective
transactions for a transponder of the mode S and
having a function of varying angle ranges for trans-
mitting interrogations in accordance with prediction
angle ranges of targets during the roll-call period,
characterized by comprising:

a first step of comparing a beam-width of an an-
tenna with the prediction angle ranges;

a second step of continuing selective interroga-
tions at every roll-call period if the prediction an-
gle ranges are narrower than the beam-width in
the comparison in the first step; and

a third step of thinning out transmissions of the
selective interrogations at every roll-call period
with prescribed intervals if the prediction angle
ranges are wider than the beam-width in the
comparison in the first step.

The interrogation transmission method of the sec-
ondary surveillance radar according to claim 4, char-
acterized in that

the third step thins out the transmissions of the se-
lective interrogations at every roll-call period with the
prescribed intervals in an initial state and transmits
the interrogations at every roll-call period after con-
firming reception of replies.

The interrogation transmission method of the sec-
ondary surveillance radar according to claim 4, char-
acterized in that

the third step employs a condition, which is firstly a
fact that the prediction position ranges are within the
beam-width and secondly a fact that the targets are
atlong range, as priority order to schedule the trans-
actions.
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